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Monolithic D/A Improves 
Conversion Times 

With all npn transistors used for switching, self-adjusting inputs 
and 4-bit partitioning, this design brings new performance figures 
to monolithic D/A converters. 

JERALO GRAEME, Burr- Brown fleseercn Corp. 
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Current switching techniques have 
largely replaced voltage switching in 
D/A conversion during the past 2 
years. This removes the speed limita- 
tion imposed by charge storage of sat- 
urated, voltage switching transistors. 
Conversion speed is then limited by 
the transistor junction capacitances 
r&ther than the time delay common to 
saturated switching. However, as will 
be described, the baajc current switch- 
ing approach introduces a new stored 
charge delay as well aa added linear- 
ity error. Both or these limitations 
have been removed by Burr- Brown 
engineers in their design of a mono- 
lithic D/A switch circuit that provides 



D/A conversion having 12-bit accu- 
racy with 200-na settling time to 1/Z 
LSB. 

Avoid the Monolithic pnp 

Settling lime limitations of the 
basic current switching technique are 
primarily those imposed by the emit- 
ter-base and col lector- base capaci- 
tances of the current source transis- 
tors. This basic technique is repre- 
sented by an all npn circuit (Fig. 1) 
chosen to avoid the response prob- 
lems of monolithic pnp transit tore. 
Current sources formed by the lower 
transistors shown supply binary 
weighted currents to the output re* 



e is tor R t . These current sources are 
digitally controlled through the upper 
emitter- follower transistors and their 
level shifting zener diodes. When the 
high level of a logic signal ie applied 
to one of the emitter-follower base*, it 
pulls the associated current source 
emitter to a higher voltage and turns 
it oft 

In reverse biasing the emitter-base 
junction of a current source, the 
emitter-follower charges the capaci- 
tance of this junction. The charge so 
stored must be removed -before the 
current source can be turned on again 
by a low logic level. However, the low 
logic level at the emitter-follower 
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Fig. 1 - Basic 0/A converter with npn transistors. 



Fig. 2— D/A current switch with charge control gating. 
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base reverse biases this input transis- 
tor so the charge cannot be removed 
through the low impedance path 
which supplied it. Instead, the emit- 
ter-baee capacitance must discharge 
through the much larger resistor con- 
nected in series with the emitter. As a 
result, the current source turn on is 
Car slower than its turn off. While 
thia current switching has avoided 
the charge storage delay of saturated 
operation, an equally serious delay ie 
developed by charging the large 
emitter-base capacitance. 

Optimize Stored CHarge 

Obviously then, switching time and 
the settling time in D/A conversion 
can be dramatically improved by 
li mi Ling charge storage on these junc- 
tion capacitances. The optimum level 



of stored charge is that which can be 
transferred to the emitter-base junc- 
tion of the associated emitter- follower 
when that transistor turns o(T- In 
this way, no charge must be dissi- 
pated during switching. Rather, the 
stored charge la simply transferred 
back and forth between the two tran- 
sistors. Assuming equal junction ca- 
pacitances for the two transistors, 
equal and opposite changes in stored 
charge are produced by opposite volt- 
age changes on these capacitances. 
Thus, the emitter-base voltage of the 
current source should be reduced to 
zero for turn off to match the voltage 
increase on the emitter-follower junc- 
tion as it turns on. 

However, the high logic level will 
not be consistent enough to insure a 
current source turn ofF drive that~ac- 



curately reduce* emitter-base voltage 
to tero» For TTL the high level output 
can drop from 4.5V to approach 2.5V 
depending upon fan out. tf switch 
biasing permits turn off with the 2.5V 
level, then the 4.5V level applies a 2V 
(rverdrivtt to the current eourc* emit- 
ter-base capacitance. To prevent this 
speed killing overdrive the inputs 
might be clamped, but this would 
draw excessive currents from the 
logic outputs. 

Serf-Adjusting Inputs 

Instead, Burr-Hrcrwn developed * 
self-adjusting' input gating circuit 
that controls the turn off drive inde- 
pendent of logic level and bias level 
variations. The gating circuit is 
9hown in Fig- 2 with a single current 
switch. In this case the voltage ap- 
plied to the base of the input emitter- 
FoUower, Q ( , is controlled Vy tho in* 
put gate CRl and its bias voltage as 
set by the emitter of Q r When the 
low logic level is applied at the in- 
put, CRl conducts and holds the base 
of Q2 at a voltage that is one diode 
drop above the input voltage. As the 
input voltage rises, the base voltage 
of Q, fbllowa until Q, efrtchaa it. Tho 
maximum base voltage of Q t is limit- 
ed to that fixed by Q,, and no input 
overdrive can be transmitted to the 
current source Q,. An input overdrive 
merely reverse biases the input gate 
CRl which disconnects the input 
emitter-follower from the input sig- 
nal, Neta that this al*o unloads the 
logic output at the high level as is de- 
sirable. 

Then by appropriate choice of the 
gating voltage limit of Q p the turn 
off voltage drive applied to the cur- 
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rent source emitter-base junction can 
be optimised. Ae discussed, tK© wnajt- 
ter-base voltage in theofT Btate should 
be for best switching speed. To 

insure this condition the limit volt- 
age established by Q, must be adjust- 
ed tbr process and thermal variations 
in the voltages on Z, and Q__ The limit 
voltage is made eelf-a^j listing by de- 
riving it from compensating voltages 
on Z f and CR3. Similarly, the voltage 
drop of CRZ compensates for that of 
the emitter-base junction of Q r As a 
result of this compensated biasing, 
the turn ofT voltage transmitted to 
is consistently that needed for 
optimum switching speed. 

Partitioning Help*, Too 

The remaining response limita- 
tions and the major linearity error of • 
current switching D/A conversion 
are largely removed by partitioning. 
As indicated in Fig, 3, each mono- 
lithic circuit includes only four bits. 
Additional bits are haLivdlod by iden- 
tical quads whose output currents are 
weighted with scaling networks. Each 
quad internally conducts the same 
currents as the others, avoiding the 
extreme range of current levels com- 
mon without the output scaling. This 
avoids a similar wide range of emitter 
resistors for which relative matching 
and tracking are poor. Also, currents 
do not range down to Che low levels 
which reduce speed. The speed limita- 
tion imposed by the collector-base 
capacitances of the current sources 
can be avoided by supplying the out- 
put current to an op amp summing 
junction. In this way. the current 
source output voltages are cous train- 
ed to very small changes by the op 



amp. This essentially eliminates the 
voltage* swings on the cxillecLOr-base 
capacitances find the associated speed 
reduction. 

Match Emitter Current 
Density 

Greater accuracy is achieved with 
the quad partitioning from the im- 
proved transistor matching it affords. 
By using multiple emitters on the 
current sources (Fig. 3), the current 
density in each emitter is made to 
match that of the emitters, of the other 
transistors. The emitter-base volt- 
ages and betas of all current sources 
are then matched in spite of an 8:1 
range in current levels. ThiG approach 
is feasible because of the limited 
range of currents of the quad. 

By means of its input gating cir- 
cuit and its 4-bit partitioning, this de- 
sign permits both high speed and high 
resolution in D/A conversion. While 
still providing 12-bit resolution t the 
b witch achieves a 0.01% (1/2 LSB) 
settling time of 200 ns as compared to 
the 1.6 fi£ of similar quad switches. 
-The design techniques discussed have 
been implemented into the Burr- 
Brown 4550 D/A switch. CD 
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WHAT SETS 
ANALOGIC 
APART ? 

Accuracy. 

Analogic* assures accuracy and stability 
through uncompromising aland arde In aft 
phaeee of design, manuleeture and tesl. 
Possible error sources are analyzed on 
s worst case basis end mlnlmUed lp 
ssiurs specified accuracy over the entire 
operating temperature range. Finally, slp> 
nlnearrf end accurate apectftceilone sre 
published, end expert customer support 
engineering it readily aval lab Is. 




Excellent value si S290. urrfl quaothr r 

two wees: delivery. 
(Substantial OEM discounts avails*!*-) 

Analogue's AOPAU^ MPZTizs, two fn mi- 
ll urs modules, occupy s total volume of 
less I Nan 3.2 cubic rnchei and provide 
utlra-praelra analop»4o-dlgJlat conversion. 
Among 1h« unique features la adjustable 
word length between 2 end 12 oils, ac- 
eompllahed either by external Jumpering 
or by digits) command. 

■ Accuracy to 0,01% 

■ Speed id 1 M«»c/bn 

■ DTL/T'L compatible 

■ PrscUlon Internal reference 

m «io v. +io v r as v, *s v F.S. Input 

rsngss 

■ Temperature coefficient: Bppm/*C 
(oetn); 0.0013% F-S./'C (ellsei) 

■ All standard eetpui codes, Including 
aerlet NRZ 

■ Complste In two 2.0 x 2.0 x 0*39 Ineti 
module* 

The MP2212 conalate of e temperature 
compensated, servo controlled lener ref* 
©ranee, a high-gain low-noise compare* 
(or. ■ proprietary P/A oenvesfer, *ig#i#r 
Namibia clock and trigger circuitry which 
permits conversion speed adjustments be- 
tween 1.0 and 4.0 ^sec/bll. Speclflcatlona 
apply over !uH 0"C lo +70*C range, 
optional extended tsmperature ranges 
evsUsbts. Although thoroughly protected 
environmentally the mod Ulan, ere factory 
repairable. 

For Immediate Information cell Peut La* 
Brie, (617) 340-0300 or write lor dennllrve 
data sheets end our comprehensive eh Oft 
form catalog. Analogic Corporation, 10 
Audubon Rood., Wakefield. Mesa. 01BB0. 
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